Grafting has been widely applied to melon (Cucumis melo L.) production to alleviate continuous cropping obstacles and control soil-borne diseases. However, grafting easily led to fruit quality decline. For example, bitter fruits sometimes occurred on grafted plants. But the physiological mechanism was still unclear. In this study, effects of different rootstocks on the taste of fruits of Balengcui, an oriental melon cultivar, during summer production were investigated. The results showed that all the grafted plants with Cucurbita maxima Duch. rootstocks produced bitter fruits, while the nongrafted plants and the grafted plants with muskmelon rootstocks produced no bitter fruit. Liquid Chromatography-Mass Spectrometry (LC-MS) and metabonomic analysis were performed to investigate the mechanism of the occurrence of bitter fruits. Metabolites comparisons of the fruits from grafted plants with Ribenxuesong as rootstock both with the non-grafted plants and grafted plants with muskmelon rootstock showed that 17 metabolites including phospholipids, cucurbitacins and flavonoids exhibited same changes. Three Cucurbitacins, Cucurbitacin O, Cucurbitacin C and Cucurbitacin S, increased dramatically. Ten phospholipids (PS(18:1(9Z)/18:2(9Z,12Z)), PS(P-18:0/15:0), PA(18:1(11Z)/18:1(11Z)), PE(16:0/18:0), PS(O-16:0/17:2(9Z,12Z)), PI(16:0/18:2(9Z,12Z)), PA (15:0/22:6(4Z,7Z,10Z,13Z,16Z,19Z)), PS(P-16:0/17:2(9Z,12Z)), PS(22:0/22:1(11Z)), PA(17:1(9Z) /0:0)) significantly decreased, while 2 PA (16:0/18:2 (9Z, 12Z) and 16:0/18:1 (11Z)), 2 flavonoids (Pelargonidin 3-(6''malonylglucoside)-5-glucoside and Malvidin 3-rutinoside) significantly increased in fruits of grafted plants with Cucurbita maxima Duch. rootstocks. These metabolites involved the glycerophospholipid metabolic pathway, the mevalonate pathway and the phenylpropanoid pathway.
Grafting has been widely applied to melon (Cucumis melo L.) production to 22 alleviate continuous cropping obstacles and control soil-borne diseases. However, 23 grafting easily led to fruit quality decline. For example, bitter fruits sometimes 24 occurred on grafted plants. But the physiological mechanism was still unclear. In this 25 study, effects of different rootstocks on the taste of fruits of Balengcui, an oriental 26 melon cultivar, during summer production were investigated. The results showed that 27 all the grafted plants with Cucurbita maxima Duch. rootstocks produced bitter fruits, reductase increased and resulted in the synthesis of cucurbitacin in cucumber plants. 70 However, there were few reports on the mechanism about how grafting caused 71 bitterness in fruits.
72
Internal and external factors cause coordinated physiological response.
73
Metabolomics as a well-established method for characterizing the metabolism had were performed to investigate the mechanism of the occurrence of bitter fruits of the 84 grafted plants. 
Results
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Effects of different rootstocks on the occurrence of bitter fruits 139 The results showed that all the grafted plants with Cucurbita maxima Duch.
140 rootstocks produced bitter fruits with different proportions ( grafted plants with muskmelon rootstock in positive and negative ion mode ( Fig 1A   155 and 1B). By progenesis QI software analysis and identification, 1194 metabolites 156 were identified (Fig 2) , of which 27% were fatty acyl metabolites, 23% were glycerol 157 phospholipids metabolites, 12% were sterol lipid metabolites, 11% were polyketide 158 glycosides metabolites, 6% were glycerol metabolites, 5% were prenol lipid 159 metabolites, 4% were sphingolipids metabolites, 2% were steroid and derivative 160 metabolites, carboxylic acid and derivative metabolites and organic oxide metabolites.
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There were also 1% amino acids and 5% other compounds. In order to further analyze the fruits metabolites, the orthogonal partial R 2 Y=0.955, Q 2 =0.873 ( Fig 4A) , and the parameters of fruits from grafted plants with 192 Ribenxuesong as rootstock and with muskmelon Inbred Line 1 as rootstock were 193 R 2 X=0.598, R 2 Y=0.972, Q 2 =0.881 ( Fig 4B) . The parameters of R 2 and Q 2 were all 194 more than 0.5. Six replicates of each group were closely concentrated and the sample 195 points of different groups were well separated. Therefore, the models were used to 196 screen different metabolites. (Table S3 ). were significantly increased ( Fig 5A) . The 3 terpenoids metabolites, Cucurbitacin O,
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Cucurbitacin C and Cucurbitacin S, dramatically increased ( Fig 5B) . 2 Flavonoids,
243
Pelargonidin 3-(6'-malonyl glucoside) -5-glucoside and Malvidin 3-rutinoside, were 244 significantly increased ( Fig 5C) . These 17 differential metabolites were mapped to in grafted plants under high temperature during summer cultivation ( Fig 5A) . 
